Abstract. Numerical investigation of the complex turbulent flow and chemical reaction in solid rocket ramjet under different air-fuel ratios was carried out. Multicomponent compressible gas with chemical reaction equation is established. Make the fluid-heat coupling code with the finite volume method, based on numerical format, implicit time discrete, add the PDF model. The results show that the numerical method exhibits the better agreement with the experimental measurements. In general, the proposed numerical procedure applied in the present paper shows good capability in predicting the physical phenomena and the flow characteristics encountered in such kinds of complex turbulent flow.
Introduction
In the work process of solid fuel ramjet, the combustion chamber wall in a large number of high temperature and high pressure gas surrounded by gas, and combustion erosion strong indoor wall, thermal protection problems due to the increased amount of heat transfer and shell thinning and more the prominent, in order to analyze the reasonable calculation research on these issues, to provide effective guarantee for the numerical simulation data of thermal protection design scheme, we need to accurately describe the flow field structure characteristics of oxygen enriched environment in ramjet engine model. In order to improve the specific impulse of solid rocket motor (SRM) and to inhibit the unstable combustion of high frequency oscillation, most of the SRMs use aluminized composite propellant. Alumina, as the product of aluminum combustion, joins in the gas to form a typical two-phase flow. High axial acceleration can cause the particle phase to form a highly-concentrated aggregation flow in the chamber, which can affect the inner flow field in the chamber and the combustion of propellant [1] [2] [3] . While portion of the propellant burns out, the work environment of heat insulating material becomes deteriorated in SRM, which can cause thermal protection failed. The influence of high acceleration and particle diameters on aggregation of particle phase in tail-pipe nozzle SRM was researched by Yang Liu, Guoqiang He et.al [4] . Numerical simulation on movement of alumina particles in two solid rocket motors with different caliber was done by Yuesen Li and Diyou Ye [5] . The three-dimension axisymmetric and two-phase flow in a full-size SRM combustion chamber under different air fuel ratio conditions has been simulated using Euler-Lagrange model. The influences of different air fuel ratio, without acceleration and under high axial acceleration on particle trajectories, were analyzed.
Calculation Model and Method

Physical Model
The lateral air intake the unchoked rocket engine inlet connecting pipe compared to a rocket engine inlet center three-dimensional effect is strong, mainly reflected in the flow of air flow in the combustion chamber of the combustion area of influence, so in the afterburning chamber flow field components of two-phase flow to build 3D grid to calculate. Figure 1 is a section of unchoked ramjet diagram. The whole engine consists of four parts: intake port, rich gas inlet, afterburning chamber and tail nozzle. 
Numerical Models
For the characteristics of the flow in SRM under high acceleration condition, the numerical model of following three-dimensional and axisymmetric two-phase flow has been constructed.
(1) The particle trajectory model was used to solve the two-phase flow. The gas phase was solved in Eulerian coordinate while the particle phase solved in Lagrange coordinate.
(2) Three-dimensional axisymmetric viscous compressible N-S equation was used in gas control equation. Standard k-e model was used to solve the turbulence. AUSMDV upwind scheme was used to discrete convective term.
(3) The acceleration was added in differential equation of motion. (4) All particle phase was thought as alumina. The distribution of particle diameter was simple. Two operating conditions for solid propellant rocket engines are shown in Table 1 
Boundary Conditions
(1) The mass flow rate and stagnation temperature of the gas were given in boundary condition by mass addition. On the surface of propellant, the mass flow rate of gas was calculated by charge weight and working time of motor. The stagnation temperature was estimated by the temperature in chamber.
(2) The velocity in nozzle exit was supersonic, so the boundary condition about outlet was considered as pressure outlet. The pressure and temperature in nozzle exit section was 1atm and 300K respectively.
(3) Percentage of particle-phase in gas was calculated by the percentage of aluminum in propellant. Particle was added from the center of each cell, and the flow rate was scaled by face area.
(4) The simulation of particle trajectory in chamber was thought as trapped while in nozzle as a elastic collision, and the restitution coefficient was 0.5.
Results and Discussion
After numerical calculation of 2000 machine time, the temperature cloud diagram of the solid propellant rocket engine with the air-fuel ratio of 10 and the temperature cloud near the inlet port are shown as follows. As shown in Figure 2 , the combustion chamber head of fuel rich gas by convergent section temperature began to slowly increase. From Figure 3 , the combustion chamber inlet air flow downstream by the mainstream of fuel rich gas dispersed in the air jet near the wall circumferential position, intense chemical reaction and this area quickly, a large area of gas components react with oxygen, which in the inlet exit downstream of the wall temperature is quite high, and reached the peak temperature in the engine, and because the mainstream air speed is higher, the speed of mixing flow began to change, the inlet outlet by erosion, serious influence, and the insulation layer convection and heat radiation exchange gas flow are should be increased and the heat flux density increased. As shown in Figure 4 after the experimental anatomy of the solid map and the numerical simulation after the comparison can be found in the red circle of the region showing an adiabatic change, thermal ablation phenomenon is serious, need to strengthen thermal protection treatment. As shown in Figure 5 , the air-fuel ratio is 14, increasing the air mass flow rate makes the axis air velocity increases, the more serious in the middle of the inlet backflow, fuel rich gas in the combustion chamber inlet section will participate in the reaction, generate a lot of heat, gas and air reaction more easily, and the high temperature corresponding forward. 
Summary
In this paper, the three-dimension axisymmetric and two-phase flow in a full-size SRM with different air fuel ratio was discussed. Through the numerical simulation of inlet position can be found, the leeward area fill high temperature area concentrated in the combustion chamber inlet near the mainstream, and with the increase of the air-fuel ratio of the high-temperature region to the combustion chamber head back, at the same time as the mainstream inlet speed, shear force, resulting in fuel rich gas stream is dispersed in the wall nearby, become the main reason of adiabatic wall chemical ablation.
